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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 
Jyoti Kiron BHARDWAJ et al. 
Serial No. [New] 
Filed: November 8, 2000 
Title: METHOD AND APPARATUS FOR STABILIZING A PLASMA 

PRELIMINARY AMENDMENT 

Honorable Commissioner of 

Patents and Trademarks, 
Washington, DC 20231 

Sir: 

Preliminary to the examination of the above-identified application, please 
enter the following amendments and consider the following remarks: 



In the Claims : 

Please cancel claims 36 and 37 without prejudice. 



Please amend the claims as follows: 
Claim 3, line 1 , delete "or 2". 

Claim 4, line 1 , change "any one of Claims 1 to 3" to --Claim 1~. 
Claim 5, line 1 , change "any one of Claims 1 to 4" to -Claim 1— . 
Claim 7, line 1 , delete "or Claim 6". 

Claim 8, line 1 , change "any one of Claims 5 to 7" to -Claim 5-. 
Claim 10, line 1 , change "any one of Claims 7 to 9" to -Claim 7-. 
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Claim 1 1 , line 1 , change "any one of Claims 5 to 1 0" to -Claim 5-. 
Claim 13, line 1 , change "any one of Claims 5 to 1 2" to -Claim 5~. 
Claim 17, line 1, delete "or Claim 16". 
Claim 18, line 1, delete "or Claim 16". 

Claim 1 9, line 1 , change "any one of Claims 1 to 1 8" to -Claim 1 -. 
Claim 25, line 1 , change "any one of Claims 20 to 24" to -Claim 20--. 
Claim 26, line 1 , change "any one of Claims 1 to 25" to -Claim 1~. 
Claim 28, line 1 , delete "or 27". 

Claim 29, line 1 , change "any one of Claims 26 to 28" to -Claim 26-. 
Claim 30, line 1 , change "any one of Claims 1 to 29" to -Claim 1 ~. 
Claim 31 , line 1 , change "any one of Claims 1 9 to 30" to -Claim 1 9-. 
Claim 35, line 2, delete "or 32". 
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REMARKS 

By this Preliminary Amendment, claims 36 and 37 have been canceled, and 
claims 3-5, 7-8, 10-13, 17-19, 25-26, 28-31, and 35 have been amended to 
eliminate multiple dependent claims. Entry of this Preliminary Amendment is 
respectfully requested. 
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METHOD AND APPARATUS FOR STABILISING A PLASMA 



• This invention relates to a method and apparatus for 
processing a workpiece in which a plasma struck in the 
chamber is stabilised during the transition between steps, 
particularly, although not exclusively, steps in a cyclic 
process in the treatment of the workpiece. 

The plasma processing of a wafer or other workpiece 
may require certain plasma parameters to change between 
two or more states cyclically. The request for sudden 
changes in, for example, the gas pressure or discharge 
power between the states may lead to plasma instability or 
even lead to the plasma extinguishing. 

A particular method to achieve highly anisotropic 
etches for high aspect ratio trenches is to use a switched 
process in which an etch step is alternated with a 
deposition step. Such a method is disclosed in WO-A- 
94/14187, EP-A-0822582 and EP-A- 0822584 . In the case of 
deep trench silicon etching, a passivating layer may be 
deposited on all surfaces of the wafer (including the 
trench), during the deposition step. During the initial 
part of the etch step, the passivating layer is required 
to be removed preferentially from the bottom of the trench 
by ion bombardment. This then allows the silicon to be 
removed by an essentially chemical process, from the 
bottom of the trench, during the remainder of the etch 
step. Alternating deposition and etch steps allows a high 
aspect ratio trench to be etched, contrasting with the use 



of the etch step alone which would result in a 
predominantly isotropic etch. One process gas or gas 
combination is switched off, or reduced in magnitude, and 
a second is switched on, or increased in magnitude, in 
changing from the etch step to the deposition step or vice 
versa during this cyclic process. During the change from 
one step to another step, plasma instability or 
extinguishing of the plasma may result. 

This invention discloses ways of improving the plasma 
stability during each of the transitions. 

According to a first aspect of the present invention, 
there is provided a method of" processing a workpiece in a 
chamber, the method comprising: 

(a) striking a plasma in the chamber; 

(b) treating the workpiece by cyclically adjusting the 
processing parameters between at least a first step 
having a first set of processing parameters and a 
second step having a second set of process 
parameters; and 

(c) stabilising the plasma during the transition between 
the first and second steps . 

Any suitable workpiece may be used, for example a 
wafer which typically may be formed of silicon. 

Of course, more than two steps may be used in the 
treatment of the workpiece. When a cyclic process is 
used, the plasma is preferably stabilised between each 
cyclic step. The method is particularly applicable where 
a workpiece is treated by cyclically carrying out 



alternating etch and deposition steps. 

The method further comprises supplying power to the 
plasma. For example, RF power may be inductively coupled 
into the plasma. 

In one embodiment, the plasma may be stabilised by 
matching the impedance of the plasma to the impedance of 
the power supply which provides energy to the plasma by 
means of a matching unit. The given method of impedence 
matching is well known to those skilled in the art. 

The matching unit may comprise, for an inductive 
load, two or more variable capacitors, possibly with 
additional fixed -capacitors . Alternatively, variable 
inductors may be used with appropriate fixed capacitance. 

The matching unit may be adjustable manually or 
electrically, although any suitable method of adjustment 
may be used. Preferably, when the plasma strikes, the 
plasma impedance is matched to the power supply impedance 
automatically for at least a part of the time of treatment 
of the workpiece. The matching unit may be pre-set to act 
in time at or just before the transition between the first 
and second steps, or indeed between all steps where more 
than two treatment steps are used. For example, in a 
switched etch/deposition process, the matching unit may be 
pre-set at or just before the transition between an etch 
step and a deposition step, or a deposition step and an 
etch step, in the cyclic process. In such an embodiment, 
the auto-matching may be re -enabled when the chamber 
pressure and/or other parameters have stabilised. In one 



embodiment, the automatic matching is disabled at or 
slightly before the transition. The pre- setting may be 
determined from a previous step of the same type in a 
cyclic process. 

The matching unit may be driven by a motor. In one 
embodiment control signals are used to drive the motor and 
may be modified to track impedance changes rapidly, in 
order to minimise or eliminate "overshoot" as described in 
detail below. 

In one embodiment, the matching unit comprises 
capacitors having set initial values for succeeding steps 
of the same type which are, ramped or otherwise adjusted 
during the overall process. In a particular case the 
initial values for a step of one type may be obtained from 
the values found from automatic matching at the end of the 
previous step of the same type. 

The capacitors in the matching unit may be adjusted 
to different values for each of the steps, but in 
conjunction to this or alternatively, the frequency of the 
power supply may be altered, either by a direct command or 
by an automatic control circuit. Frequency adjustment of 
the power supply to achieve matching of power into a 
plasma can be utilised to reduce or eliminate the need to 
adjust matching unit capacitor values. Generally 
frequency control is achieved on a short time scale and 
therefore automatic adjustments can occur at a much faster 
rate than it is possible to adjust capacitor values 
mechanically. However, pre-setting of the frequency for 



each of the steps may be a desirable feature under some 
circumstances . 

For an industry standard 13.56 MHz power supply, the 
frequency variability required would be typically < +/-0.5 
MHz, but with +/-1.0 MHz in extreme cases. Here one 
embodiment would include fixed matching unit capacitor 
positions, which did not vary between etch and deposition 
steps, and either a pre-set or automatically adjusted 
frequency of the RF from the power supply. Another 
embodiment would be to fix the matching unit capacitor 
positions to different appropriate settings for etch and 
deposition steps, and then either a pre-set or 
automatically adjust the frequency of the RF from the 
power supply. 

As an alternative to, or in addition to, the matching 
unit described above, the plasma may be stabilised by 
substantially preventing or reducing variation of the 
pressure in the chamber between the first and second 
steps. When this is used in relation to a cyclic 
etch/deposition process, the deposition gas may be 
supplied, or increased in flow rate, before the etch gas 
is switched off, or reduced in flow rate, and the etch gas 
may be supplied, or increased in flow rate, before the 
deposition gas is switched off, or reduced in flow rate, 
during the cyclic process. 

Thus, when a transition occurs from an etch to a 
deposition step, or from a deposition step to an etch 
step, the two types of gases may be allowed to enter the 



process chamber simultaneously during the transition. 
Furthermore, either of the etch or deposition gases may be 
allowed to flow throughout the switched process or for a 
significant proportion of it. Thus, the deposition gas 
may continue to flow throughout the etch step in addition 
to the deposition step, but in most circumstances at a 
much reduced rate, while the etch gas is only permitted to 
flow during the etch step. Alternatively the etch gas 
could continue to flow throughout the deposition step in 
addition to the etch step, but normally at a much reduced 
rate, while the deposition gas is only permitted to flow 
during the deposition step. 

Another possibility is that both etch and deposition 
gases could be allowed to flow simultaneously and 
continuously as may be required to achieve a particular 
process result. However, the respective flow rates of the 
gases would generally vary for each of the steps. The 
flow rate of the etch gas will usually be much greater 
than the flow rate of the deposition gas during the etch 
step, and the flow rate of the deposition gas greater than 
the etch gas during the deposition step, so as still to 
maintain discrete etch and deposition steps. 

The addition of deposition gas into the etch step 
and/or the addition of etch gas into the deposition step, 
enhances profile and sidewall roughness control. The 
mixing of the gases will generally reduce the plasma 
impedance transient. If sufficient deposition gas cannot 
be added into the etch step (and vice versa) to reduce the 



transient, then a higher flow rate of gas can be 
introduced during the transient period only. 

The plasma may be stabilised by feeding a further gas 
into the chamber. This "buffer" gas reduces the variation 
in the pressure from the first to the second step, for 
example. Thus, in a cyclic etch/deposition process, the 
buffer gas reduces the variation in the pressure between 
each etch and deposition step or vice versa. The gas may 
be fed into the chamber by means of a fast acting flow 
controller. The "buffer" gas may be any suitable gas, 
although is typically a noble gas (for example helium or 
argon), oxygen or nitrogen or a mixture thereof. A 
preferred "buffer" gas is helium. 

The method may further comprise monitoring the 
pressure in the chamber and adjusting the flow of gas 
accordingly. In one embodiment, there is at least some 
flow of the gas during the whole process. In one 
embodiment, the gas may be supplied throughout at least 
one step in the treatment of the workpiece. 

The total pressure in the chamber may be ramped 
during a particular step. 

In addition, or alternatively, a further means of 
reducing pressure variation in the chamber may be 
provided. Thus, the chamber may be provided with a 
portion (which in one embodiment may be in the form of a 
side chamber) separated from the main part of the process 
chamber by a deflectable member, for example a flexible 
membrane. The separated portion is preferably of a volume 



which is large compared to the main part of the process 
chamber. The membrane can then flex to adjust for 
pressure changes, to some extent, within the main part of 
the-'process chamber. 

According to a second aspect of the present 
invention, there is provided a plasma processing apparatus 
comprising a chamber - having a support for a workpiece, 
means for striking a plasma in the chamber, means for 
cyclically adjusting processing parameters between a first 
step and a second step, and means for stabilising the 
plasma during the transition between the first and second 
steps . 

The stabilising means may comprise a matching unit 
for matching the impedance of the plasma to the impedance 
of a power supply which supplies power to the plasma. 
Alternatively, or additionally, the stabilising means may 
comprise a means to vary the RF power supply frequency or 
may comprise means for reducing the variation of the 
pressure in the chamber between the first and second 
steps, for example means for feeding a gas into the 
chamber. This gas is the "buffer" gas described above. 

Although the invention has been defined above, it is 
to be understood that it includes any inventive 
combination of the features set out above or in the 
following description. 

The invention may be performed in various ways and 
specific embodiments will now be described, by way of 
example, with reference to the accompanying drawings, and 



in which: 

Figure 1 shows graphically how etch and deposition 
gas flows and chamber pressure may vary during a switched 
process ; 

Figure 2 shows how the sequence of operations 
according to the invention may be carried out; 

Figures 3(a) and (b) show how the value of a 
capacitor in a matching unit may vary during a switched 
process ; 

Figures 4(a) and (b) show graphically how the flow of 
buffer gas may be adjusted in response to chamber 
pressure ; 

Figure 5 shows a block schematic diagram of a 
matching unit control circuit; 

Figure 6 shows a typical configuration of a matching 
unit circuit diagram; and 

Figure 7 shows a schematic diagram of a typical 
configuration of a gas supply system. 

Referring to Figure 1, the flow of deposition gas and 
etch gas and the chamber pressure is shown during a 
typical etch/deposition cyclic process. In changing from 
the etch step to the deposition step or vice versa, the 
process gas is switched. That is the mass flow 
controller, or alternative means (such as an actuating 
device which diverts the gas flow around the process 
chamber) , controlling the first gas, is switched off, and 
the mass flow controller controlling the second gas is 
switched on. The switching on or off of each process gas 



may be on a reasonably short time scale, or one or other 
action may be more gradual, over a longer time scale. 
There may or may not be a period during which both types 
of process gas are being fed to the process chamber 
simultaneously, as the flow of one is being reduced and 
the flow of the other is being increased. The required 
flow levels of the two gases may be quite different and 
also the pressures required in the process chamber during 
each of the steps may be significantly different. 

For a plasma processing apparatus in which radio 
frequency power is inductively coupled into the plasma, a 
matching unit of some form may be used to match the 
impedance of the RF power supply to the impedance of the 
plasma. For the different gases and different chamber 
filling pressures for each of the steps described above, 
the plasma impedance is likely to differ. This leads to a 
requirement for the matching unit settings to change 
during the switching from one step to the next. Usually 
this pressure transition is abrupt rather than gradual, 
with time constants less than the ability of the matching 
network to respond without an interim impedance "mismatch" 
resulting in reflection of a proportion of the power 
supplied . 

In addition to the changes in process gas and chamber 
pressure between different steps, it is quite likely that 
the plasma and radical densities (and therefore the 
discharge power) required for each step will be different. 
This is another factor that can further enhance the 



difference in the plasma impedance between the different 
steps of a multi-step process. 

To achieve a maximum overall etch rate from a multi- 
step process, it is desirable that the power supply 
5 impedance is matched to the plasma impedance throughout 
each step. It can be extremely detrimental to the 
processing if, after the switch from one step to the next, 
the plasma is unstable and not properly matched for a 
significant proportion of the respective step. In the 

10 extreme case of the plasma extinguishing during the 

transition from one step to the next, etch or deposition 
process time will be lost until the plasma is re-ignited, 
leading respectively either to a reduced etch depth or to 
a thinner deposited layer than required, either of which 

15 could produce severe distortion to a trench profile which 
requires a finely balanced, switched process. 

Two particular embodiments of the invention are as 

follows : 

1) To control the matching unit during the transition 

2 0 from one step to the next and preferably immediately 

afterwards, in order to minimise the time when the 
plasma impedance is not properly matched to the power 
supply impedance . 

2) To control the supply of a buffer gas to the chamber 
25 so that it reduces the overall variation in process 

chamber pressure and hence plasma impedance. 
These may be used separately or both parts may be 
used together. 
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1) Matching unit control 

As stated previously, the function of the matching 
unit is to match the plasma impedance to the power supply 
impedance. The power supply impedance will usually be 
fixed at a value of 5 0 ohms. The matching unit used for 
an inductive load will normally contain two or more 
variable capacitors with possibly additional fixed 
capacitors . Alternatives may use variable inductors with 
appropriate fixed capacitance. 

In its simplest form the matching unit may be 
manually adjustable to obtain the best match between 
plasma and power supply impedances. However, this 
technique may be difficult to use, if the impedance of the 
plasma load changes significantly between striking the 
plasma and steady operation i.e. the impedance of the 
antenna alone is seen before the plasma is struck, 
whereupon the impedance becomes that of antenna and plasma 
combined. For a switched process it would normally be 
impracticable to control manually the impedance matching 
elements at the required rate. 

An alternative matching unit utilising variable 
capacitors will usually use small electric motors, each 
driving one or more capacitors, and one embodiment is 
shown in Figure 5. A dc or ac motor may be used, with a 
servo potentiometer to feedback capacitor setting, or 
alternatively a stepper motor/indexer arrangement may be 
used. Appropriate control circuitry allows the setting of 
each capacitor to be adjusted to a selected point before 
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the plasma is struck. 

When the plasma strikes, error signals relating to 
the real and imaginary parts of the plasma impedance can 
be -detected, amplified and used to control the settings of 
the capacitors to achieve a stable match of the plasma 
impedance to the power supply impedance. This auto- 
matching ensures that, for a simple etch or deposition 
process, power is efficiently coupled into the plasma 
throughout the length of the process, even when conditions 
vary over a significant range during the process. 

In a switched process, the switching may occur at 
intervals of several seconds, but greater or lesser 
periods may be used. The auto-matching should be capable 
of tracking the changes in plasma impedance during each 
step but, during the switch from one step to the next, the 
impedance change may be very rapid over a period of around 
one second or even less. The rapid impedance change may 
be due to, for example, a sudden pressure drop as one 
process gas is turned off and before the second gas has 
had time to reach its stable level. Furthermore, gas 
fragmentation by the plasma leads to a pressure increase 
and this effect becomes more pronounced as the power fed 
into the plasma is increased. Differences in the degree 
of gas fragmentation by the plasma as the gas changes, in 
a switched process can cause changes in the pressure, even 
for constant RF power feed. The auto-matching may try to 
track the impedance change due to the reducing pressure, 
only to find it reversing almost immediately. The 
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inability to follow the changes quickly enough may result 
in an impedance mis -match which may not be corrected, 
until a significant fraction of the time allocated to the 
second step has elapsed. This is clearly not a desirable 
situation. 

Thus, in one embodiment, the invention discloses the 
pre-setting of the matching unit settings at,- or just 
before, the switch from one step to the next, and then re- 
enabling the auto-match system when chamber pressure 
and/or other appropriate parameters have stabilised. 

In detail, for a two step process involving a 
deposition step followed by an etch step followed by a 
further deposition step, a further etch step and then many 
repetitions of the sequence, it is assumed that the plasma 
has been struck initially and the description is of an 
arbitrary stage in the sequence. As the switch occurs to 
the deposition step, the matching unit settings are driven 
to pre-determined values that will be close to those 
required for stable plasma operation in the deposition 
step. After a period of time, related to the time that 
the chamber pressure, or other relevant parameter, takes 
to stabilise, the auto-matching facility is enabled to 
allow tracking of the plasma impedance. As the end of the 
deposition step is reached, the auto-matching is disabled 
and the matching unit settings are set to those required 
for the etch step. Again, after a pre-set period of time, 
based on the time that the chamber pressure, or other 
parameter, takes to stabilise, the auto-matching is re- 
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enabled. The etch plasma impedance is then tracked by the 
auto-matching facility until the end of the etch step when 
the auto-matching is again disabled, and the matching unit 
set-tings are driven to the values required for the 
5 deposition step. The sequence of operations is shown in 
Figure 2 . 

The technique of enabling the auto-match facility 
during the bulk of the etch and deposition steps, but 
disabling the facility during the period of switching from 

10 one step to the next, permits greater proportions of each 
step to be more effectively used for the respective 
process and helps to ensure a smoother transition between 
the steps. The technique may be used on its own or in 
conjunction with other techniques such as the injection of 

15 a buffer gas, to reduce the pressure transient, during the 
period of switching from one step to the next. 

It has been stated that the auto-matching may be 
disabled at the end of each step. However, in one 
embodiment, it may be advantageous to disable it slightly 

20 before the end of a step, in order to allow sufficient 
time for matching unit settings to be pre-set to those 
required for the next step, particularly if these are 
significantly different from those in use for the current 
step . 

25 By matching unit settings, the reference is in 

general to the setting positions of variable capacitors in 
the match unit, which are used to match the real and 
imaginary parts of the complex plasma impedance to the 



power supply impedance, as shown in Figure 6. Auto- 
matching allows the match unit to compensate for both 
components of the complex plasma impedance automatically, 
utilising detected error signals and a simple control 
loop. Although there is some interaction between the 
actions of the capacitors, it may be considered that one 
or more capacitors is used to match the real part of the 
impedance and one or more capacitors is used to match the 
imaginary part of the impedance . 

In the embodiments of the invention described, when 
relating to the enabling and disabling of the auto- 
matching at different times during a switched process, the 
enabling and disabling may apply to the action on either 
or both components of the complex impedance. Therefore, 
it may be considered appropriate during a particular 
switched process to allow the capacitor (s) relating to, 
for example, the real part of the impedance to remain 
under auto-match control throughout, whilst enabling and 
disabling the auto-match on the capacitor (s) relating to 
the imaginary part of the impedance . 

The settings of the matching unit capacitors, when 
not in auto-match mode, may be learnt from the previous 
step of the same type. For example, in a cyclic 
etch/deposition process, the settings used when starting 
an etch step may be those recorded towards the end of the 
auto match period during the previous etch step. This 
enables an additional adaptive element to be incorporated 
into the system. 
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Figure 3 shows how the value of a capacitor in the 
matching unit may vary during a switched process, with (a) 
non-adaptive and (b) adaptive initial setting, as 
described above. In Figure 3(a) the capacitor is set to a 
5 fixed value in the initial stage of each deposition step. 
It is also set to a second fixed value in the initial 
stage of each etch step. During the remainder of each 
step, the matching unit is switched to auto-match and the 
capacitor is driven appropriately. In Figure 3(b), during 
10 the initial stage of each deposition step, the capacitor 
is set to the value recorded near the end of the previous 
deposition step. Also during the initial stage of each 
etch step, the capacitor is set to the value recorded near 
the end of the previous etch step. During the remainder 
15 of each step, the matching unit is switched to auto match 
and the capacitor is driven appropriately. 

To prevent the plasma from extinguishing during the 
transition phase, it is necessary to deliver sufficient 
power to the plasma. This is only possible if the matching 
2 0 unit can track the change in plasma impedance fast enough 
so as to keep the impedance seen by the RF supply within 
the range into which the RF generator is designed to 
operate into. If the impedance goes outside this range, 
then the generator cannot supply the required power and 
2 5 hence the plasma may be extinguished. The response of the 
matching unit can be speeded up by simply increasing the 
gain of the amplifiers that power the motors that drive 
the capacitors. However, this has the drawback that the 
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matching unit tends to overshoot the desired impedance as 
the motors are driven in "open loop" by signals that give 
an indication of the level of mismatch of the real and 
imaginary parts of the required impedance. 

To minimise or eliminate overshoot, feed forward 
compensation can be applied to the motor drive signals. 
This compensation method provides a predictive element 
which can then be used to modify the drive signals such 
that impedance changes can be tracked rapidly without 
overshooting. The technique can be implemented in an 
analogue form by using active devices such as operational 
amplifiers in conjunction with resistors and capacitors to 
form the required compensation network. An alternative 
implementation involving more complicated and 
sophisticated methods can be applied by using a micro- 
controller with a stored algorithm. This monitors the 
various parameters that affect plasma impedance such as 
pressure, power and gas flow, and then uses this 
information to predict and modify the drive outputs with 
weighted coefficients set by switches or downloaded from a 
PC. 

Although it increases the complexity of the system, 
it is possible that the values to which the matching unit 
capacitors are set for succeeding steps of the same type, 
for example etch steps, may be ramped in value during the 
overall process to provide the best settings which allow 
for ramping of other process parameters such as chamber 
pressure or power supplied to the plasma. 
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2) Provision of a buffer aas 

If the pressure within the process chamber is 
prevented from varying by a significant amount during a 
swi-tched process, then the plasma impedance variation 
generally will be reduced. 

During the transition from an etch step to a 
deposition step, or vice versa, the mass flow controller 
delivering one process gas is switched off and the mass 
flow controller delivering the other process gas is 
activated. By judicious choice of the timing of the 
switch-off and switch-on signals, to allow for the delays 
involved in the valves closing and opening respectively, 
it is possible to reduce the pressure transient at the 
transition. This normally involves switching on the 
second process gas slightly before the first process gas 
is switched off (because a mass flow controller requires a 
finite time to shift from fully closed to flow control) , 
thereby allowing the etch and passivation gases to mix 
during this overlap stage. 

Although adjustment of the timings for the on and off 
operations of the respective mass flow controllers will 
help to reduce pressure transients in the process chamber, 
it is likely that there will still be some pressure 
fluctuation which will affect the plasma impedance and 
potentially lead to plasma instability. Gas fragmentation 
by the plasma leads to a pressure increase. This effect 
becomes more pronounced as the power fed into the plasma 
is increased. As industry requires ever higher process 



rates "and these are related to the power fed into the 
plasma, gas fragmentation on application of power (and 
therefore pressure increase) will become more significant. 
The.- degree of gas fragmentation will vary with the process 
5 gas used. Therefore, in a high power switched process, 

there may be a significant pressure variation due to this 
factor alone. The invention described may provide a means 
for reducing the pressure transient in the form of the 
feeding of a buffer gas into the process chamber, 

10 controlled by a fast acting flow controller or other 

means, so that the chamber pressure is maintained close to 
a constant value, as shown in Figure 7. In this 
embodiment, the control loop comprises a pressure monitor 
on the process chamber feeding control circuitry, which 

15 then adjusts the flow of the buffer gas to provide a close 
to constant total pressure in the process chamber. 
Clearly, to be effective the flow controller should be 
fast acting and may need to feed directly into the process 
chamber as opposed to through process gas manifolding. -To 

20 minimise response time, the flow controller in general 
allows some flow of buffer gas all the time, with flow 
increased on demand. The buffer gas may be helium, but 
other gases may also be used. 

It may be found desirable to allow a significant flow 

2 5 of buffer gas throughout one or more steps of a two or 
more step switched process, in which the pressure 
requirements for the respective process gases differ, in 
order to keep the total pressure in the process chamber 



near to constant . Figure 4 (b) shows how the flow of 
buffer gas might be adjusted if the chamber pressure 
varied as in Figure 4 (a) without the addition of any 
buf-fer gas. Ramping up or down of total pressure during a 
particular step may be used to allow a smooth transition 
to the next step, thereby producing a slow change in 
plasma impedance which can easily be handled by an RF 
matching unit. This is in addition to smoothing out 
pressure transients, and resulting plasma impedance 
changes, at the time of switching from one step to the 
next . 

The incorporation of the additional control system 
for injecting the buffer gas into the process chamber, 
must be compatible with the existing control system. 
Potential conflicts exist, for example, in the use of an 
existing automatic pressure control system that adjusts 
the chamber pressure by restricting the flow of gas 
exhausting from the chamber, and such conflicts may be 
addressed easily. 

As a further means of reducing pressure excursions in 
the process chamber, a' secondary portion of the process 
chamber, or a side chamber attached to it, may be 
separated from the primary process chamber by a flexible 
membrane structure . The primary part of the process 
chamber contains the wafer, support means and means for 
generating the plasma. For pressures initially equal, or 
almost so, on either side of the structure, a pressure 
increase or decrease in the primary part of the process 



22 

chamber will result in a deflection of the membrane, the 
deflection- being such as to increase the volume of the 
primary chamber if the pressure in the primary chamber has 
increased, or decrease the volume if the pressure in the 
-5 primary chamber has' decreased. This increase or decrease 
in the volume of the primary portion of the process . 
chamber results in a reduction in the pressure excursion 
experienced in this chamber. 

To be most effective in minimising pressure 

10 excursions, the volume of the secondary part of the 

process chamber, or the side chamber, must be large in 
comparison with the volume of the primary part of the 
process chamber. This makes this technique less 
practicable for systems in which the volume of the primary 

15 portion of the process chamber is large, but potentially 
applicable to smaller process chambers. 



CLAIMS 



1. A method of processing a workpiece in a chamber, the 
method comprising: 

(a) striking a plasma in the chamber; 

(b) treating the workpiece by cyclically adjusting 
the processing parameters between at least a 
first step having a first set of processing - . 
parameters and a second step having a second set 
of process parameters; and 

(c) stabilising the plasma during the transition 
between the first and second steps . 

2. A method according to Claim 1, wherein the plasma is 
stabilised between each cyclic step. 

3. A method according to Claim 1 or 2 , wherein the 
workpiece is treated by cyclically carrying out 
alternating etch and deposition steps. 

4 . A method according to any one of Claims 1 to 3 , 
wherein RF power is inductively coupled into the plasma. 

5. A method according to any one of Claims 1 to 4 , 
wherein the plasma is stabilised by matching the impedance 
of the plasma to the impedance of the power supply which 
provides energy to the plasma by means of a matching unit . 

6. A method according to Claim 5, wherein the matching 
unit is adjustable manually or electrically. 

7. A method according to Claim 5 or Claim 6, wherein the 
plasma impedance is matched to the power supply impedance 
automatically for at least a part of the time of treatment 
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of the workpiece . 

8. A method according to any one of Claims 5 to 7, 
wherein the matching unit is pre -set to act in time at or 
just before the transition between the first and second 

5 steps . 

9. A method according to Claim 8, wherein automatic 
matching is enabled when the chamber pressure and/or other 
parameters have stabilised. 

10. A method according to any one of Claims 7 to 9, 

10 wherein the automatic matching is disabled at or slightly 
before the transition. 

11. A method according to any one of Claims 5 to 10, 
wherein the matching unit is driven by a motor. 

12. A method according to Claim 11, wherein control 

15 signals are used to drive the motor and are modified to 
track impedance changes rapidly. 

13. A method according to any one of Claims 5 to 12, 
wherein the matching unit comprises capacitors having set 
initial values for succeeding steps of the same type which 

2 0 are ramped or otherwise adjusted during the overall 
process . 

14. A method according to Claim 13, wherein the initial 
values for a step of one type are obtained from the values 
found from automatic matching at the end of the previous 

25 step of the same type. 

15. A method according to Claim 13, wherein the 
capacitors in the matching unit are adjusted to different 
values for each of the steps, and/or the frequency of the 
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power supply is altered, either by a direct command or by 
an automatic control circuit. 

16. A method according to Claim 15, wherein frequency 
adjnstment of the power supply or pre- setting of the 

5 frequency for each of the steps to achieve matching of 

power into a plasma is utilised to reduce or eliminate the 
need to adjust matching unit capacitor values. 

17. A method according to Claim 15 or Claim 16, including 
fixed matching unit capacitor positions, which do not vary 

10 between etch and deposition steps, and either a pre-set or 
automatically adjusted frequency of the RF from the power 
supply. 

18. A method according to Claim 15 or Claim 16, including 
fixing of the matching unit capacitor positions to 

15 different appropriate settings for etch and deposition 
steps, and then either pre-setting or automatically 
adjusting the frequency of the RF from the power supply. 

19. A method according to any one of Claims 1 to 18, 
wherein stabilisation of the plasma is enhanced by 

2 0 substantially preventing or reducing variation of the 
pressure in the chamber between the first and second 
steps . 

20. A method according to Claim 19, wherein, during a 
cyclic etch/ deposition process, the deposition gas is 

25 supplied, or increased in flow rate, before the etch gas 

is switched off, or reduced in flow rate, and the etch gas 
is supplied, or increased in flow rate, before the 
deposition gas is switched. of f , or reduced in flow rate. 
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21. A method according to Claim 20, wherein either of the 
etch or deposition gases are allowed to flow throughout 
the switched process or for a significant proportion of 
it .- 

5 22. A method according to Claim 21, wherein the 

deposition gas continues to flow throughout the etch step 
in addition to the deposition step, but normally at a much 
reduced rate, while the etch gas is only permitted to flow 
during the etch step. 

10 23. A method according to Claim 21, wherein the etch gas 
continues to flow throughout the deposition step in 
addition to the etch step, but normally at a much reduced 
rate, while the deposition gas is only permitted to flow 
during the deposition step. 

15 24. A method according to Claim 21, wherein both etch and 
deposition gases are allowed to flow simultaneously and 
continuously . 

25. A method according to any one of Claims 2 0 to 24, 
wherein the respective flow rates of the gases generally 

2 0 vary for each of the steps. 

26. A method according to any one of Claims 1 to 25, 
wherein stabilisation of the plasma is enhanced by feeding 
a further gas into the chamber. 

27. A method according to Claim 26, wherein the further 
25 gas is fed into the chamber by means of a fast acting flow 

controller. 

28. A method according to Claim 2 6 or 27, wherein the 
further gas is selected from helium, argon or other noble 



gas, oxygen or nitrogen or a mixture thereof. 

29. A method according to any one of Claims 26 to 28, 
further comprising monitoring the pressure in the chamber 
and-' adjusting the flow of the further gas accordingly. 

30. A method according to any one of Claims 1 to 29, 
wherein the total pressure in the chamber is ramped during 
a particular step. 

31. A method according to any one of Claims 19 to 30, 
wherein the chamber is provided with a portion separated 
from the main part of the chamber by a deflectable member. 

32. A method according to claim 31, wherein the separated 
portion is of a volume which is large compared to the main 
part of the chamber. 

33. A plasma processing apparatus comprising a chamber 
having a support for a workpiece, means for striking a 
plasma in the chamber, means for cyclically adjusting 
processing parameters between a first and a second step, 
and means for stabilising the plasma during the transition 
between the first and second steps. 

34. A plasma processing apparatus according to Claim 33, 
wherein the stabilising means comprises a matching unit 
for matching the impedance of the plasma to the impedance 
of a power supply which supplies power to the plasma. 

35. A plasma processing apparatus according to Claim 33 
or 32, wherein the stabilising means comprises means to 
vary the RF power supply frequency, or means for reducing 
the variation of the pressure in the chamber between the 
first and second steps. 
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36. A method of processing a workpiece in a chamber 
substantially as hereinbefore described with reference 
the accompanying drawings . 

37. -- A plasma processing apparatus substantially as 
hereinbefore described, with reference to, and as 
illustrated in, the accompanying drawings. 
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ABSTRACT 

"Method and apparatus for stabilising a plasma" 

A workpiece is processed in a chamber by striking a 
plasma in the chamber, treating the workpiece by 
5 cyclically adjusting the processing parameters between at 
least a first step having a first set of processing 
parameters and a second step having a second set of 
process parameters, wherein the plasma is stabilised 
during the transition between the first and second steps. 

10 These steps may comprise cyclic etch and deposition steps. 
One possibility for stabilising the plasma is by matching 
the impedance of the plasma to the impedance of the power 
supply which provides energy to the plasma, by means of a 
matching unit which can be controlled in a variety of ways 

15 depending upon the step type or time during the step. 

Another possibility is to prevent or reduce substantially 
variation in the pressure in the chamber between the first 
and second steps . 

[FIGURE 4] 
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